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Abstract 
Based on the prospecting and the data that got through the investigation, to carry out the balance 
calculations on current situation of the water source by water balance method, and demonstrate the 
admittable exploitation, the calculation results showed that the water source can satisfy the water need for 
establishing the new district; meanwhile, the evaluation results about water quality in the water source 
which was conducted by single classification and comprehensive evaluation method shows that the 
monitoring spots that the water quality is good take up 84.2% in the whole planning area, the spots which 
the water quality is relatively poor account for 10.5%, the spots which the water quality is bad only 
account for 5.3%. The most part of the ground water in this area can be used as the source for daily life , 
industry and agriculture purpose. The water in some particular place only can be used in daily life after 
being processed. 
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1. Introduction 
QingShuiHe is located in the southernmost tip of Huhhot in Inner Mongolia Autonomous Region, and 
the new planning district lies in WangGui Yao which covers 40 km2。In order to solve the drinking 
water in the new district, some specialists who have surveyed it in every aspects suggests that 
there is a possibility to build a water source station which is can supply 20000m3 water every 
day Within of 245km2  near WangGui Yao [1]. Based on the actual situation in the new planning district, 
this paper evaluates the water reserve and quality in the new district and supplies the scientific basis for 
decision making for the development, management and protection of water source in this region. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Intelligent 
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2. The basic  work  for  evaluation  
2.1. Geological, hydrogeological surveying and mapping  
To investigate the well’s type, depth, structure, exploitation, water level, water quality and dynamic 
change, and ground water exploiting method, extraction, uses and problems arising after exploitation. 
And to investigate the exposed condition of the survey area, genetic type, flow, water quality, dynamic 
change.   
2.2.  Hydrogeological investigation 
On the basis of surveying and mapping work on the ground, Geophysical and hydrogeological profile 
layout  was adopted to make up for lack of work drilling and the overall control on the surface.  
Geophysical section line was mainly arranged in the detailed investigation areas, the main body was on 
the vertical layout of the valley. And focus on identifying the aquifer lithology, structure, thickness, water 
abundance and other characteristics.  
2.3. Hydrogeological drilling  
Based on the hydrogeological and mapping and Geophysical surveying, hydrogeological drilling 
layout was adopted to identify the geological and hydrogeological conditions in the planning area, and 
obtain the required information about hydrogeological parameters and evaluation of groundwater 
resources. 
2.4.  Pumping test  
18 groups drilling all took the pumping test, complete the two group test- Steady flow pumping test of 
single hole, pumping test layer 2, 4-way down ;complete 16 group test- unsteady flow pumping test of 
single hole, pumping test layer 16, 16-way down; complete the two group test- Steady flow pumping test 
of group hole, pumping test layer 2, 4-way down. The whole pumping test lasts 3984 hours. 
3. Evaluation on the water source 
3.1.  The selection of water source 
Based on the hydrogeological condition in the planning area, water sources range is in the north of 
WangGui yao, covering the area 15.29km. 
3.2. The evaluation on ground water reserve 
1)  Determination of hydrogeological parameters  
a)  Determination of permeability coefficient: 
Based on the information of unsteady flow pumping test and water level recovery test, calculate by 
straight line method and water level recovery method, then take the average of the two as the permeability 
coefficient [2]. The results are shown in Table 1  
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TABLE I.  THE TABLE OF THE CALCULATED PERMEABILITY COEFFICIENT              UNIT(M/D) 
Hole 
No. 
Straight line 
method 
Water level 
recovery method
Selected value of 
permeability 
coefficient 
ZK1 79.04 71.14 75.09 
ZK2 140.18 116.82 128.50 
ZK3 53.57 50.00 51.79 
ZK4 144.16 101.76 122.96 
ZK5 137.79 146.40 142.10 
ZK6 130.96 124.19 127.58 
ZK7 43.64 40.28 41.96 
ZK8 87.84 87.84 87.84 
ZK9 64.17 81．67 72．92 
ZK10 56.47 50．20 53．34 
ZK11 39.67 47.30 43.49 
ZK12 105.69 103.30 104.50 
ZK13 23.09 34．63 28．86 
ZK14 131.76 119.78 125.77 
ZK15 141．17 112．94 127．06 
ZK16 From ZK4 recently, take ZK4 values 122.96 
ZK17 From ZK5 recently, take ZK5 values 142.10 
ZK19 117.47 100.69 109.08 
b)  The determination of the degree of water supply: 
Choose each one sample from the five different exploration sections and send them to the lab for 
analysis, and determine it with the reference of the experience value of water level of loose rock in 
hydrogeological manual. Because deviation between the experimental value and experience value is small, 
the determination of the degree of water supply can use actual testing results. The results are shown in 
Table 2. 
TABLE II.  WATER  DEGREES  MEASURED 
Hole 
No. 
Aquifer 
Lithology Empiricalvalue μ
Measured 
value μ 
Determine 
value 
ZK1 Coarse sand 0.25-0.30 0.20 0.20 
ZK4 aFine sand 0.15-0.20 0.18 0.18 
ZK7 
aMedium 
sand 0.20-0.25 0.19 0.19 
ZK8 Bank sand 0.15-0.20 0.18 0.18 
ZK14 Medium sand 0.20-0.25 0.16 0.16 
c) Determination of precipitation infiltration coefficient  and osmotic coefficient of irrigation: 
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Calculate the precipitation infiltration coefficient in the unconfined aquifer through the information 
obtained in the observation of groundwater level in the process of the precipitation. because the calculated 
precipitation infiltration coefficient is small, with the reference of the experimental material and 
experience value in the experiment place in Huhhot and Baotou, finally the determined precipitation 
infiltration coefficient in the planning area is 0.19[1]. The precipitation infiltration coefficient in the hilly 
area showed in the experience value-0.05. 
According to the actual situation, osmotic coefficient of irrigation should be larger than precipitation 
infiltration coefficient, so the osmotic coefficient of irrigation is 0.20. 
3.3.  Evaluation method and calculation 
Water balance method was adopted on the evaluation of the natural ground water source. According 
to recharge water sources, runoff and discharge conditions, carry out the balance calculation of the current 
situation of diving water source. The results are shown in Table 3. 
TABLE III.  TWATER SATUS EQUILIBRIUM CALCULATION RESULTS 
 Calculation method or formula project quantity total 
 
 
 
Suppiy 
items 
1
= i iQ a X F  Atmospheric precipitation infiltration amount 920.55  
25351.99 
2
= ∑ i i i iQ K I H B Cosa
 
Cross-section of groundwater inflow 
21288.86 
3
/ 365= i iQ a X F  Hills lateral recharge 3142.58 
Excretion 
items 
2.27
5
1 /(1 ) / 365= + Δi iQ Fε
 
Evaporation of groundwater 
3983.01  
26919.55 
Darcy's equation Cross-section of groundwater outflow 3735.05 
7
= −
a b
Q Q Q  amonut of  river water discharge 16752.96 
Field investigation exploitation 2448.53 
Supply 
and 
drainage 
-1567.56 
Annotated:X—precipitation; a—precipitation infiltration coefficient;F—calculating area;K—aquifer 
permeability;I—groundwater hydraulic gradients;H—aquifer thickness;B—section width; ε —the water 
evaporation in hydrological years; Δ —depth of groundwater level; 
a
Q —rivers flow quantity of calculation area; 
b
Q —rivers inflows quantity of calculation area 
 
It can be seen from table 3 that the difference between supply items and drainage items is negative, 
that is, negatively balance. The water equilibrium calculations are reasonable, because declining water 
level of 0.20 meters calculated by water source area and water degrees is good agreement with the actual 
monitoring data of 0.21 meters at beginning and end of balanced period. 
3.4. Demonstration of assurance degree for admittable exploitation 
2) Recharge 
By the balance calculation, section inflows of groundwater in the dry years was 21288.86m3/d , lateral 
recharge in hilly areas in the dry years was 3142.58m3 / d  
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Recharge for river water to ground water :Based on holes pumping test，calculate according to the 
actual water pumping recharge. The recharge ability for river to groundwater is 6000m3/d when it was 
planned by the optimal scheme of well group.  
It was demonstrated as follows: 
• According to the materials from  hydrological station in TaiPing Yao, HunHe, which was reported 
by Inner Mongolia provincial water resources bureau, HunHe P = 75% of runoff is  2463 million m3 / a, 
equivalent to 6.7 million m3 / d, which showed that  water source is assured. 
• Based on holes pumping test, it can be concluded that The river of groundwater recharge and 
groundwater exploitation are closely related. The greater the excavation, the greater the phreatic water 
surface drops, the river of groundwater recharge also increases accordingly. When the water source station 
is built up, the actual exploitation will far greater than the exploitation in the pumping test, the river 
recharge also increases. 
• The unit width flow of river recharge to groundwater supply is calculated according to water 
pumping material in the drought period, without considering river recharge in the floods period. In fact, 
river recharge in the floods period is larger than the current calculated results. 
3) Excretion 
By the balance calculation, the outflow of groundwater section is 3735.05m3/d, the current 
exploitation is 2448.53m3/d。Thus it can be seen that the admittable exploitation is the summation of the outflow of 
groundwater section, lateral recharge in hilly area, and river recharge to groundwater minus the outflow 
of groundwater section and current exploitation, admittable exploitation is 24247.86m3/d which is guaranteed 
compared with 20000m3/d water required in the new district of QingShui he . 
4. Quality classification and evaluation of groundwater source 
This evaluation was mainly based on test data information of the two water systems and bacteriological 
analysis during August 2006 and April 2007, with single components evaluation as the foundation, using 
comprehensive point rating method to evaluate groundwater quality. 
4.1.  Evaluation factors 
pH,fluoride, total hardness, dissolving total solid, sulfate, chloride, iron, manganese, copper, zinc, 
nitrate and nitrite, ammonia nitrogen,arsenic,chromium,cadmium,lead,mercury. 
4.2. Individual evaluation 
Based on the water quality testing material from groundwater quality standardGB/T14848—93, 
groundwater quality in this area can be classified into some single parts.The results show that except the 
total hardness, dissolving total solid and nitrates high areas forⅡ,Ⅲ classes, a few is Ⅳ, Ⅴ classes, other 
projects, mostly classⅠ. 
4.3.  Comprehensive evaluation 
Comprehensive evaluation method is based on the classification of individual quality, required:Ⅰclass 
is 0, Ⅱ class 1, Ⅲ class 3, Ⅳ class 6, Ⅴ class of 10, respectively determine individual components 
evaluation score of Fi, and press the comprehensive evaluation to determine the value of F [4]. 
2 2 max
2
F FF +=           
1
1 n
i
i
F F
n =
= ∑  
where 
−
F —the average in each single component rating value of Fi 
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Fmax—The maximum in Single components evaluation score of Fi  
n—number of terms 
Finally, according to the value of F and the table 4, could divide groundwater quality level. 
TABLE IV.  THE WATER  QUALITY CLASSIFICATION 
level F 
excellent ＜0.80 
good 0.80—＜2.50 
Fair 2.50—＜4.25 
poor 4.25—＜7.20 
Very poor ＞7.20 
4.4.  The evaluation result and recommendations 
According to conventional single components evaluation method and F value evaluation, the results 
are shown in Table5, it can be concluded as follows: 
• Through analysis of the water quality materials in two times, the index of some well places slightly 
exceeds the limits, which mainly caused by man-made pollution, but total water quality is good, and accord 
with drinking water standard.  
• Through the single classification of groundwater quality in this region, results showed that, except 
the total hardness, dissolving total solid and nitrates high areas forⅡ,Ⅲ classes, minority Ⅳand Ⅴclass 
outside, the other items for more than Ⅰclasses.  
• Take single quality classification as a foundation, after two times watery comprehensive evaluation, 
most parts of groundwater quality is good, only some water quality is relatively poor or very poor in some 
places.  
5. Conclusion 
• According to the field investigation data, the main water supply source in this area is the pore 
water. The calculated drilling source is 24247.86m3/d in the water source area, which is guaranteed compared 
with 20000m3/d water required in the new district of QingShui he. 
• According to the comprehensive evaluation on detailed survey of groundwater quality, the area of 
good water quality monitoring stations in the research scope accounted for 84.2%, the area which the 
water quality is poor almost accounted for 10.5%, the area which Water quality is very poor  almost 
accounted for only 5.3%. The groundwater in this area mostly can be used as domestic and drinking 
water sources and work, agricultural water sources, some local groundwater must be processed and 
then it can be drunk. 
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1 ZK17 Ⅰ Ⅱ Ⅰ Ⅰ Ⅰ Ⅰ Ⅲ Ⅰ Ⅰ Ⅲ Ⅱ Ⅰ Ⅰ Ⅰ Ⅰ Ⅱ Ⅰ Ⅰ good 
2 ZK6 Ⅰ Ⅱ Ⅰ Ⅰ Ⅰ Ⅰ Ⅲ Ⅰ Ⅰ Ⅲ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ good 
3 HouYaozi Ⅰ Ⅱ Ⅰ Ⅰ Ⅰ Ⅰ Ⅲ Ⅰ Ⅰ Ⅲ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ Ⅱ good 
4 SJ07 Ⅰ Ⅲ Ⅲ Ⅰ Ⅱ Ⅱ Ⅳ Ⅰ Ⅱ Ⅰ Ⅲ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ poor 
5 ZK13 Ⅰ Ⅱ Ⅱ Ⅰ Ⅰ Ⅰ Ⅲ Ⅰ Ⅰ Ⅲ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ good
6 ZK4 Ⅰ Ⅱ Ⅰ Ⅰ Ⅰ Ⅰ Ⅲ Ⅰ Ⅰ Ⅲ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ good
7 ZK1 Ⅰ Ⅱ Ⅱ Ⅰ Ⅰ Ⅱ Ⅰ Ⅰ Ⅰ Ⅲ Ⅱ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ good
8 ZK18-1 Ⅰ Ⅱ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ Ⅲ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ good
9 TuGoucun Ⅰ Ⅱ Ⅰ Ⅰ Ⅰ Ⅰ Ⅲ Ⅰ Ⅰ Ⅲ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ Ⅱ Ⅰ Ⅰ good
10 ZK10 Ⅰ Ⅱ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ Ⅴ Ⅱ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ verypoor
11 YuanZiwa
n 
Ⅰ Ⅱ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ Ⅲ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ good 
12 ZK11 Ⅰ Ⅱ Ⅲ Ⅰ Ⅰ Ⅰ Ⅳ Ⅰ Ⅰ Ⅰ Ⅰ Ⅲ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ poor 
13 ZK15 Ⅰ Ⅱ Ⅱ Ⅰ Ⅰ Ⅰ Ⅲ Ⅰ Ⅰ Ⅲ Ⅲ Ⅰ Ⅰ Ⅰ Ⅰ Ⅱ Ⅰ Ⅰ good
14 ZK7 Ⅰ Ⅱ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ Ⅲ Ⅲ Ⅰ Ⅰ Ⅰ Ⅰ Ⅱ Ⅰ Ⅰ good
15 YiJianfag Ⅰ Ⅱ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ Ⅲ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ Ⅱ Ⅰ Ⅰ good
16 ZK12 Ⅰ Ⅱ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ Ⅲ Ⅱ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ good
17 ZK3 Ⅰ Ⅱ Ⅱ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ Ⅲ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ good
18 ZK19 Ⅰ Ⅱ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ Ⅲ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ Ⅱ Ⅰ Ⅰ good
19 Soufeizha
n 
Ⅰ Ⅱ Ⅰ Ⅰ Ⅰ Ⅰ Ⅲ Ⅰ Ⅰ Ⅲ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ Ⅰ good
 
